Background: Colonic diverticulosis is the most common incidental lesion found on routine colonoscopy. However, its true natural history is unclear. The aim of this review is to examine the epidemiology of colonic diverticulosis and the incidence of complications, namely acute diverticulitis and diverticular hemorrhage. Summary: Many studies have evaluated the epidemiology and risk factors of diverticulosis. Despite the common nature of this entity, little is known about the risk of complications in asymptomatic individuals. It has been suggested that the lifetime risk of acute diverticulitis is 10-25% and that of diverticular hemorrhage is 3-5%. These risk estimates were based on older literature without accurate studies on true prevalence. Three recent retrospective observational cohort studies including subjects identified at colonoscopy have addressed this issue, providing information on the long-term risk of complications of colonic diverticulosis. Cumulative data from these studies support an incidence of acute diverticulitis of 1.5-6.0 per 1,000 patientyears and 0.46 per 1,000 patient-years for diverticular hemorrhage. Key Messages: Diverticulosis is a very common condition in individuals > 50 years of age. Based on population-based colonoscopy studies, the natural history of colonic diverticulosis appears favorable with a far lower incidence of complications than previously thought.
Introduction
Colonic diverticulosis is a condition that develops when pockets or outpouchings (diverticula) form due to structural alterations in the wall of the large intestine [1] . Diverticula usually occur at weakened sites where blood vessels penetrate the walls of the colon and are present in the intestine without signs of inflammation [2] . Colonic diverticulosis is a relatively common condition in the Western world and is the most common incidental lesion on routine colonoscopy [3] . In the West, it is estimated that around 15-30% of the individuals will have diverticulosis by the age of 50 years [3] and as many as 60-70% by the age of 80 years [3, 4] , primarily located in the left colon. The prevalence is much lower in less industrialized parts of the world, such as Africa and parts of Asia, where it is found in only 4-5% of the population, with a pre-DOI: 10 .1159/000490054 dominance of right-sided disease in Asian populations [5, 6] . Recent evidence indicates that this prevalence is expected to further increase worldwide, possibly due to urbanization and the adoption of western lifestyles [7] . Risk factors for colonic diverticulosis include age and possibly a high-fat diet as well as alcohol consumption [8] [9] [10] .
Most people with colonic diverticulosis remain asymptomatic. However, it is estimated that around 20% will develop symptoms at some point in their lifetime [4] . The clinical spectrum of symptomatic diverticular disease ranges from mild gastrointestinal symptoms similar to those of irritable bowel syndrome to life-threatening complications including perforation and hemorrhage. It has been suggested that 80-85% of the patients with diverticulosis remain asymptomatic, with 10-25% eventually developing diverticulitis and a smaller number developing diverticular hemorrhage [3, 11, 12] . Although supportive evidence is poor, these oft-quoted figures continue to appear in the literature, including medical and surgical guidelines [11, 13] . What is clear, however, is that complicated diverticular disease is a major economic burden in the Western world. It accounts for an estimated 23,600 deaths per year in Europe and for around 312,000 hospital admissions, 1.5 million days of hospital stay, and more than 2.6 billion dollars in 2004 in the USA [14, 15] . The true economic burden is probably larger considering that uncomplicated acute diverticulitis is often diagnosed and managed in an ambulatory setting [16] .
The true natural history of colonic diverticulosis, however, is unclear because of the lack of prospective studies involving large cohorts of healthy asymptomatic individuals with incidental colonic diverticulosis. The aim of this review is to examine the literature on the natural history of colonic diverticulosis primarily as it relates to 2 important and potentially life-threatening complications, namely acute diverticulitis and diverticular bleeding. The poorly defined associated syndromes of irritable bowel syndrome-like manifestations and the recently coined segmental colitis-associated diverticulosis identified on colonoscopy and characterized by chronic, sometimes relapsing, mucosal inflammation in an area of the colon (usually the sigmoid) in the presence of diverticula will not be discussed.
Methods
A literature review search was performed using PubMed. Articles were retrieved up until February 2018 and were identified using the following MeSH Terms: "diverticulosis," "diverticular disease," "diverticulitis," "diverticular bleeding" in association with each of the following terms: "incidence," "prevalence," "epidemiology," "natural history." Additional articles were identified through review of the reference lists of selected articles. The articles returned by the searches were chosen based on the English language and relevance to this review.
Epidemiology
Colonic diverticulosis is one of the most common conditions affecting the colon. In 1968, a post-mortem study of 300 unselected colons identified diverticula in 37% (111) of the specimens. Prevalence increased with the age at death, reaching nearly 25% of the colons by the age of 50 years and as many as 40-50% by the age of 70-80 years [17] . Barium enema is perhaps the best pre-mortem method to identify the true prevalence of colonic diverticulosis but is understandably not routinely performed in asymptomatic individuals.
Pooled data from the endoscopy database of the Clinical Outcomes Research Initiative (CORI) found a prevalence of diverticulosis of 32.6% in patients aged 50-59 years. This percentage steadily increased to around 71.4% of all examinations in patients aged ≥80 years [3] . A recent prospective screening colonoscopy study involving 624 patients reported a higher overall prevalence of diverticulosis of 42% (predominantly in the sigmoid colon). The prevalence increased with age (40% in the 5th decade and 58% in older patients) and identified risk factors such as age, male gender, and a higher BMI. A greater percentage of proximal colon diverticulosis was noted in black compared with white individuals. It is important to note that despite the relatively young mean age of the study population, this study identified a higher incidence of diverticulosis. This could be partially explained by the prospective nature of the study where endoscopists may have been more inclined to thoroughly examine enrolled patients for the presence of diverticula, which may otherwise be missed or go unreported in real life and in retrospective studies.
A prospective study from Lebanon of screening colonoscopy on nearly 700 asymptomatic average-risk individuals found a prevalence of diverticulosis of 27.2%. This prevalence mirrored that of a Dutch Study [18] . However, as mentioned earlier, the prevalence is much lower in Africa and parts of Asia. The explanation for this East-West paradox in disease prevalence and phenotype is unclear but it has been suggested to be due to diet, particularly a high-fat diet, and alcohol consumption may also play a role in disease pathogenesis [8] [9] [10] .
Natural History
The true natural history of colonic diverticulosis remains largely unclear. It has been suggested that the lifetime risk of acute diverticulitis is 10-25%, with no clear estimate on the less common diverticular bleeding. However, these risk estimates were based on older literature without accurate studies on the prevalence of the condition (uncomplicated diverticula) in asymptomatic populations. Because colonic diverticulosis is a silent condition that cannot be detected without imaging or endoscopy, the study of its true natural history is difficult. The wide adoption of population screening for colorectal cancer (CRC) by colonoscopy has provided the opportunity to study the prevalence, distribution, and risk factors of colonic diverticulosis in healthy subjects albeit restricted primarily to those aged 50 years or older. Using a large cohort from the Health Professionals Follow-up Study, Strate et al. [19] [20] [21] [22] prospectively examined the incidence and risk factors for diverticular disease including diet, obesity, and physical activity. However, all these studies were limited by the fact that there was no pre-assessment of the prevalence of diverticulosis in the study population; instead, the authors were relying primarily on a selfdiagnosis or prior knowledge of diverticulosis or its complications for exclusion. Given the largely asymptomatic nature of colonic diverticulosis, these studies fail to provide accurate information on the natural history of this disease.
To date, only 3 studies have examined the true natural history of diverticulosis ( Table 1) . The first was a large retrospective US study from the Veterans Administration involving 2,222 patients with baseline diverticulosis discovered incidentally on colonoscopy [23] . The actual incidence of acute diverticulitis was as low as 4.3% over a period of 15 years, challenging the previously reported risk rates [3, 11, 12] . The study had some limitations in- cluding patient selection, a restrictive definition of outcome, and the lack of ascertainment of diverticular bleeding, another important complication estimated to occur in 3-5% of the patients with diverticulosis [24] . Over an 11-year period, 23 patients (1%) developed rigorously confirmed diverticulitis for an incidence rate of 1.5 per 1,000 patient-years. The incidence rate increased to 6.0 per 1,000 patient-years when the diagnosis was expanded to cases of diverticulitis without confirmatory imaging or surgery (4.3%). The median time-to-event was 7.1 years. Younger patients had a higher risk of diverticulitis, with the risk increasing per year of life (Fig. 1) . The study was retrospective, consisted predominantly of male patients (97%), and evaluated primarily the incidence of "rigorously defined (acute diverticulitis) confirmed by imaging or surgery". Given that most cases of acute diverticulitis are uncomplicated in nature and are managed in the ambulatory setting [16] often without the need for imaging, it is likely that the authors underestimated the true incidence of acute diverticulitis. Further, the study population was identified retrospectively based on colonoscopy reports and may be an underrepresentation of the population-at-risk as endoscopists may fail to record this common incidental finding at colonoscopy in real life. Importantly, the study population consisted of patients with incidental diverticulosis on all-indication colonoscopies and not a well-defined cohort of patients undergoing screening colonoscopy. The second study by Niikura et al. [24] from Japan examined the bleeding risk in 1,514 patients with asymptomatic diverticulosis identified over a 12-year period (2001-2013). The median follow-up period was 3.8 years. Diverticular bleeding occurred in 35 patients (definitive in 7, presumptive in 28). The cumulative incidence of diverticular bleeding was 0.21% at 12 months, 2.2% at 60 months, and 9.5% at 120 months, and the median timeto-event interval was 4.2 years (Fig. 2) . The overall incidence rate of bleeding was 0.46 per 1,000 patient-years. On multivariate analysis, age ≥70 and bilateral diverticulosis were significant risk factors for bleeding. The limitations of the study were its retrospective nature as well as the all-indication colonoscopy study population. There was no information on the incidence of acute diverticulitis in that study.
The third study by Shayto et al. [25] , from Lebanon and published in abstract form, involved a well-defined cohort of patients with incidental diverticulosis identified as part of a prospective cross-sectional study of healthy individuals undergoing colonoscopy for CRC screening, also designed to determine the prevalence and risk factors of diverticulosis. A total of 826 consecutive patients were included in the prospective screening study [26] . Three patients were excluded because of a prior history of diverticulitis. Incidental diverticulosis was noted in 224 out of 823 patients (27.2%) (mean age 62.3 ± 8.2 years; M: F = 1.15) and were isolated to the left colon (67.4%), the right side (5.8%), and both (22.8%). The natural history of incidental diverticulosis in this cohort of 224 patients was studied retrospectively after a median follow-up period of 7 years. Of those, 194 patients had up-to-date medical re- Reprinted with permission from Shahedi et al. [23] . cords and 144 were reached by telephone and consented to provide additional information. Nine patients were deceased at the time of follow-up due to unrelated causes. Over a mean follow-up of 7.0 years, complicated diverticular disease developed in 6 patients (4.2%): 4 patients developed acute diverticulitis, 1 had probable diverticular bleeding, and 1 developed both acute diverticulitis and diverticular bleeding. The time to event was 5.1 years, and the incidence rate was 5.9 per 1,000 patient-years. None of the variables collected at baseline colonoscopy including age, gender, obesity, exercise, alcohol, constipation, or the use of non-steroidal anti-inflammatory drugs or fiber intake was significantly associated with development of diverticulitis or diverticular bleeding.
In conclusion, colonic diverticulosis is a very common condition and appears to be on the rise due to changes in lifestyle, dietary habits, and an increased life span. Despite the many studies that have been conducted to examine the epidemiology and risk factors of diverticulosis, information on its natural history remain scarce. However, data from 3 recent studies show that the complications of diverticulosis are far less than previously suggested, in the order of 1.5-6 per 1,000 person-years for acute diverticulitis and 0.46 per 1,000 person-years for diverticular hemorrhage. It is important to note, however, that this conclusion is largely applicable to the recommended CRCscreening-age population (50-75 years) with incidental diverticulosis. The natural history in younger individuals who have a low prevalence of diverticulosis, in the geriatric population older than 75 years, and in those who fall outside the recommended CRC-screening-age group is unknown. More studies are needed to understand the risk factors of diverticulosis, to confirm these natural history studies, and to further investigate the presence of modifiable risk factors associated with the development of complications.
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